Background A subgroup of patients undergoing TKA is unhappy with the outcome of surgery and preoperative psychological factors may play a role in their dissatisfaction. Questions/purposes We asked whether (1) psychological factors, as measured by preoperative self-reported questionnaires, predicted poor outcome after TKA, and (2) whether certain psychological factors examined predicted poor outcome better than others. Methods We performed a systematic review and metaanalysis of prospective observational studies published in MEDLINE, CINAHL 1 , EMBASE TM , and PsycINFO 1 databases from their date of inception to October 2013, augmented with a manual search of bibliographies. Study eligibility was performed according to an a priori protocol. Included studies were assessed for quality according to the Newcastle-Ottawa scale. Two reviewers independently performed the search, identified eligible studies, assessed their methodologic quality, and extracted data. Outcomes of interest included postoperative dissatisfaction, pain, or limited function of the patients.
Introduction
A TKA is a common procedure for treatment of symptoms of advanced knee osteoarthritis and its incidence is steadily increasing. The Australian Orthopaedic Association National Joint Replacement Registry reported 42, 202 TKAs in 2012, an increase of 4.1% compared with 2011, and a 92.4% increase since 2003 [2] . The Canadian Joint Replacement Registry noted an increase of 15% in TKAs performed from 2006 to 2010 and 2011 [12] . In the United States, more than 500,000 TKAs are performed annually and the number is expected to exceed 3.5 million annually by 2030 [30] . Leskinen et al. reported a 130-fold increase in the incidence of TKAs in Finland during a 26-year period with 65 TKAs performed per 100,000 inhabitants between 30 and 59 years old [31] .
Despite increasing demand for TKAs and cost-effectiveness of the procedure [11, 16, 17] , a substantial number of patients who undergo a TKA are dissatisfied with the outcomes, with reported satisfaction rates varying between 75% and 89% [1, 6, 7, 23, 24, 36, 41, 51] , regardless of patient demographics or severity of disease.
Psychological factors have been shown to influence recovery in many surgical fields including orthopaedic, abdominal, breast, and oncologic surgery [21, 35, 45] . Preoperative psychological factors of patients such as anxiety, depression, catastrophizing state, poor self-efficacy, and poor coping skills may be preoperative predictors of unsatisfactory patient outcomes after joint replacement surgery [3, 15, 19, 20, 33, 42] . The duration and magnitude of the effect these factors have on postoperative outcomes remains unclear.
The aim of our study was to perform a systematic review of prospective observational studies to examine (1) whether psychological factors, as measured by preoperative selfreported questionnaires, predicted poor outcome (measured by patient satisfaction, pain, and function) after TKA, and (2) whether some psychological factors predicted poor outcome better than others.
Patients and Methods
An a priori protocol for identifying relevant literature was followed. Two investigators (YK, AM) independently and systematically conducted an electronic search of MED-LINE, CINAHL 1 , PsycINFO 1 , and EMBASE TM , to identify studies examining the effect of mental health, catastrophizing, anxiety, depression, and self-efficacy on outcomes of TKA. Database searches were conducted from the date of inception of the database to October 2013. The search was augmented with a manual search through bibliographies of retrieved papers. Search strategies incorporated relevant keywords and subject headings (Appendix 1. Supplemental materials are available with the online version of CORR 1 ).
All titles from the search were exported into a citation management program (EndNote 1 X6.01; Thomson Reuters, Philadelphia, PA, USA). Duplicates were removed and abstracts retrieved. All titles were screened for inclusion and irrelevant titles removed. If relevant, article abstracts were read to ascertain their eligibility for inclusion.
To be included, articles had to be prospective studies in adults undergoing joint replacement surgery. Retrospective studies were excluded owing to the risk of recall bias in determining psychological status. Eligible studies had to have a measurement of a preoperative psychological factor included, such as anxiety or depression, and evaluated with at least one reliable and validated self-reporting instrument. The studies also had to include at least one reliable and valid clinical measurement tool assessing patient-reported or objectively measured knee function before and after TKA.
Studies also were required to provide a comparison of the clinical outcomes, specifically, patient satisfaction, pain, and/or function after TKA, based on preoperatively measured psychological factors. A minimum followup of 6 months was required. The minimum time was chosen owing to evidence indicating that improvement at 6 months has been shown to be an approximation for improvement at 12 months [22, 29, 43 ] and 24 months [40] . Studies that reported results of TKA together with other types of replacement surgery, including THA or unicompartmental knee arthroplasty, were included if the data for TKA outcomes could be isolated.
No restriction was placed on language or publication date and a translation service was used for studies published in languages other than English if required. In the case of duplicate publications or publications that used the same set of patient data, only the most complete paper was included, or the first publication if patient numbers were identical.
Each author independently and systematically screened each reference for potential inclusion and compiled a list of included and excluded articles. Disagreement regarding inclusion was resolved by discussion to achieve consensus. In total, 19 articles met the inclusion criteria for our review (Fig. 1 ). Included studies were assessed independently by two reviewers (YK, AM) for quality, with reference to the Cochrane Reviewers' Handbook [25] . Risk of bias was assessed using the Newcastle-Ottawa Quality Assessment Scale [48] , a tool used to assess the quality of cohort and case-controlled studies included in systematic reviews. Each study was assessed on eight items in three domains: group selection, comparability, and ascertainment of exposure/ outcome. A star system was used, with a star awarded to high-quality items and a maximum possible score of nine stars. There was 89% agreement in the quality rating between the two investigators. Only two studies justified their sample size and provided a power analysis [39, 44] . All studies had a minimum 6-month followup period. The length of followup ranged from 6 to 60 months, with most (16 studies) between 6 and 12 months (mean study followup, 14 months; median, 12 months). The followup rate was at least 80% in 10 studies and 70% to 80% in another four (mean followup rate, 82%) ( Table 1) .
Of the 19 studies, there were 17 cohort studies [3, 5, 8, 9, 13, 14, 24, 26-28, 34, 37, 39, 44, 46, 47, 50] and two cross-sectional surveys [15, 18] , including five level 1 prognostic studies [3, 8, 13, 34, 39] . The studies were conducted in seven countries: 10 in the USA [3, 5, 8, 9, 13, 14, 24, 34, 39, 46] ; four in the UK [27, 34, 44, 50] ; four in Canada; [18, 26, 34, 47] ; and one each in Australia [34] , Spain [15] , Greece [37] , and Korea [28] . Most studies (17) were conducted in metropolitan populations; one study was a multinational cohort study conducted in 13 centers in four countries (UK, USA, Australia, and Canada) [34] . One study included a rural and metropolitan population [37] and one included only patients from indigent backgrounds [13] . In total, our review reports on studies including 9046 TKAs performed in 8704 patients, of which 5494 (63%) were women. The mean age of patients from all included studies was 68 years (range, 64-72 years).
There was considerable heterogeneity in the self-reported psychological questionnaires used to measure [3, 14, 15, 18, 24, 26, 28, 34, 44] . Two other studies [8, 9] used the State Trait Anxiety Index and the Beck Depression Index. Two studies used the Pain Catastrophizing Scale [39, 47] . Other psychological assessment tools included the Self-Efficacy Scale [50] , Purpose In Life [46] , Patient Health Questionnaire [13] , Hospital Anxiety and Depression scale [5] , and the Centre for Epidemiological Studies Depression scale [37] . The heterogeneity in the use of psychological tools and outcomes precluded data pooling for the purposes of performing a meta-analysis. Fifteen studies used the WOMAC to measure patientreported pain and function outcomes after surgery [3, 9, 13-15, 18, 24, 26, 28, 34, 37, 39, 46, 47, 50] . The Oxford Knee Score was used in three other studies [5, 27, 44] and the Knee Society Score was used in two studies [8, 9] . Patient satisfaction was assessed directly in only five studies [18, 24, 27, 28, 44] , measured using a four-point Likert scale in three [18, 28, 44] and a three-point scale in another study [24] . One study used a 100-mm VAS and asked the patients to mark how satisfied they were with the procedure [27] . A value greater than 50 mm was considered satisfactory in terms of patient assessment.
Two authors (YK, AM) independently extracted data from the included articles, such as the country or countries where the study was done, name of the lead author, year of publication, level of evidence (if specified), study design, cohort size, proportion of women patients in the study population, length of followup, and followup rate. Instruments used to assess psychological status and knee function also were recorded.
The primary outcome of interest was the relation of baseline mental health factors with postoperative patient dissatisfaction after TKA. The dissatisfaction rate was recorded or calculated from the study where possible. Dissatisfaction was defined as any patient who reported being unhappy or unsure about the benefit from the TKA at least 6 months after surgery.
Secondary outcomes were the relationships of baseline mental health factors with postoperative patient pain and function levels as reported on knee-scoring tools. The magnitude of effect of baseline mental health on postoperative pain and function was recorded. All data were tabulated and compared between the two authors (YK, AM) and discrepancies were resolved by discussion and a review of results from the original article.
Results
Fifteen studies in our review showed that baseline psychological factors contributed to postoperative outcomes defined as patient satisfaction with the results of TKA, persistent pain, or poor function. Four studies (867 patients with mean age of 68 years, including 645 [74%] female patients) showed no association between psychological factors and postoperative outcomes of patient satisfaction, persistent pain, and poor function. We sought to compare the two groups of studies for other confounders in patients, such as BMI, disease severity, number of comorbidities, welfare standing, and socioeconomic status. We were able to assess the two groups for only mean age and percentage of female patients (Table 1) . Other factors were inconsistently reported and insufficient information was available for comparison, thus a meaningful analysis of pooled data could not be performed to show the effect of these potential confounders on overall satisfaction rates.
Patient dissatisfaction rate with TKA outcome was stated or could be calculated in only five studies ( Table 2 ). Dissatisfaction ranged from 7.5% to 28.3% (median, 18.6%). Psychological health was deemed a significant predictor in satisfaction at a minimum followup of 6 months after TKA in four studies [18, 24, 27, 44] ; another study attributed patient dissatisfaction to postoperative stiffness, but did not comment on the effect of mental health state of patients [28] .
The relationship between patient baseline mental health factors and persistent postoperative pain was reported in 13 studies (Table 2 ) for a total of 6095 patients. Twelve articles showed a statistically significant relationship with higher rates of persistent pain in the group of patients with mental health factors. In the remaining article, Escobar et al. [15] reported a similar trend, but the trend did not reach statistical significance (p = 0.09). Although pooling the results for meta-analysis was not possible, conclusions from the studies regarding the effect of mental health factors on pain after undergoing TKA were similar. Preoperative anxiety or depression was deemed a significant predictor of postoperative pain in seven of 13 studies reporting the association. The remaining six studies did not examine these states specifically but showed that lower preoperative mental health scores had similar postoperative associations [8, 9, 13, 27, 46, 47, 50] . Pain scores in the patient population with anxiety, depression, or lower mental health scores were elevated at baseline and at all assessment points [13, 27, 28, 34, 37, 47, 50] for up to 2 years in one study [34 ] . Lingard and Riddle [34] estimated the effect to be 3 to 5 points lower on the 20-point pain component of the WOMAC, indicating worse pain in the group of patients with lower mental health scores. Two studies [39, 47] that examined the correlation between patient pain after TKA and the Pain Catastrophizing Scale found a statistically significant relationship. Riddle et al. [39] found that a Pain Catastrophizing Scale score of 16 or greater predicted less than 50% improvement in WOMAC pain score (odds ratio [OR], 2.67; 95% CI, 1.2 À 6.1; p = 0.02). In sensitivity analysis, a Pain Catastrophizing Scale score of 16 or greater predicted poor outcome as defined by a minimal clinically important improvement in the WOMAC score of four points or less (OR, 6.04; 95% CI, 1.75 À 20.81; p = 0.005).
The effect of baseline mental health on postoperative function was assessed in 16 studies [3, 5, 8, 9, 13-15, 24, 26-28, 34, 39, 44, 46, 47] . Eleven articles [3, 5, 8, 9, 13-15, 24, 27, 28, 46] showed a statistically significant relationship between baseline mental health factors and various aspects of functional recovery after TKA.
Patients with anxiety or depression improved their overall knee scores but their scores in function did not improve as much as those of patients who did not have anxiety and depression [5, 8, 9] . After adjustment for comorbidities, emotional health, anxiety, and depression were predictors of improvement in physical function [3] . Preoperative depression influenced knee function scores at 5 years, contributing to an approximately 10% difference compared with scores of patients without depression (p = 0.01) [5, 8, 13-15, 27, 28, 46] . Smith and Zautra [46] also showed that patients with lower baseline mental health scores had less improvement in functional scores postoperatively; however, they found no association between baseline mental health and postoperative stiffness. Heck et al. [24] found an improvement in the level of patient function measured by the SF-36 Physical Component Score in patients with better baseline mental health (defined by the SF-36 Mental Component Score).
The remaining five studies explored the relationship between preoperative patient mental health status and postoperative physical function without establishing a significant correlation [26, 34, 39, 44, 46] . Lingard and Riddle [34] showed that in distressed patients with low SF-36 Mental Component Scores, the only significant difference in WOMAC function was at baseline, with no significant difference at 12 and 24 months after surgery.
While most studies measured the general mental health status using self-reported questionnaires, some assessed particular states such as anxiety, depression, and pain catastrophizing. Brander et al. [8, 9] examined the effects of depression and anxiety on pain and function in a cohort of patients during a 5-year period after TKA and found that preoperative midrange anxiety scores were a strong predictor of pain 1 year after TKA but did not remain a predictor of pain at 5 years, whereas preoperative depression was associated with long-term pain only at 5 years. Other studies did not compare different psychological states and did not comment on the individual contribution of each state to the overall effect on outcomes after TKA, thus we could not deduce whether certain psychological factors predicted poor outcome more than others.
Discussion
A TKA is a successful procedure for relief of symptoms of advanced arthritis and is associated with improvements in knee-related outcome measures. However, overall analysis of group-based results masks the presence of a proportion of patients who are dissatisfied after surgery. In our review, we found that this dissatisfaction rate ranged from 7.5% to 28.3%. The dissatisfaction was evident in many kneespecific patient-rated outcome scores and may be more evident in scoring systems that rely on subjective patientbased ratings rather than physician-based rating measures that rely on objective measurements, such as ROM and radiographic alignment. Surgeon rating and patient rating of success after surgery differ and may not correlate [10] . The divergence becomes more pronounced in patients who are dissatisfied with the outcome of their procedure [32] .
Our systematic review showed that preoperative psychological factors influence patients' postsurgical outcomes, including persistent pain, reduced level of function, and overall satisfaction with the procedure. Our study has numerous limitations. Most of the articles included in our review achieved acceptable quality assessments; however, they were observational studies with inherent weaknesses and limitations. The heterogeneity in data also precluded pooling for meta-analysis. Our study would have been more informative if a summary effect estimate could have been reported. Although we limited the followup period to more than 6 months to minimize the dissatisfaction that may occur owing to acute pain and discomfort after surgery, we recognize that improvement from TKA may extend well beyond this period [38, 43, 49] . The inclusion of studies which examine the outcomes of TKA after a period of 6 months may bias the results of TKA and exaggerate the effect that baseline psychological factors could have on pain, function, and satisfaction which are known to continue to improve and do not plateau until at least 2 years after surgery. Furthermore, none of the studies included in this review made a formal clinical assessment of patient mental health; rather all data regarding psychological health factors were derived from patient self-report questionnaires. This might exaggerate the influence these reported factors have on the outcomes of TKA. Finally, there may be potential bias in the lack of clarity in studies reporting on possible confounders previously implicated in patient dissatisfaction after TKAs, such as female sex, younger age, and higher BMI. Numerous studies failed to report these factors despite reportedly collecting the data. Consequently, meaningful analysis could not be performed to show the effect of these factors independently of patient psychological status. However, we did take steps to limit bias, including conducting the study according to an a priori protocol with detailed inclusion criteria for article selection and data abstraction, performing key steps in duplicate, not limiting the publication date or language, excluding retrospective articles, and using an experienced librarian to formulate our search strategy.
Baker et al. [4] reported that persistent postoperative pain and poor function were significant predictors of postoperative patient dissatisfaction. In addition to direct measurement of satisfaction, we also examined the effect of baseline mental health factors on postoperative pain and function. Anxiety, depression, and pain catastrophizing are some of the important factors that influence postoperative outcomes. However, there was a lack of clarity in identifying which of these factors or states have the greatest influence on postoperative outcomes. This was largely attributable to the variability in measurement instruments used in the studies to assess these factors.
Aspects of patient psychology before undergoing TKA are likely to play an important role in postoperative recovery and the patient's perception of the success of surgery. While self-reported questionnaires offer a glimpse of psychological health, they offer only a cursory assessment of the nature and severity of these states. Research should be conducted to determine if patients who show psychological risk factors for poor outcome (either on relevant questionnaires or during actual psychological evaluation), have better outcomes with psychological intervention or treatment before undergoing TKA.
Our second aim was to compare the effect of particular psychological states such as depression, anxiety, or pain catastrophizing on the eventual outcomes of TKA. We were unable to do this as most studies examined only one aspect with self-reporting questionnaire(s) and a comprehensive evaluation of individual psychological factors was not performed. To address this goal of comparing states and identifying the psychological issues of primary importance, prospective research would need to be conducted which provides a relatively comprehensive evaluation of each psychological factor and assesses its relative contribution to eventual outcomes measured at least 2 years after recovery from surgery.
A patient dissatisfaction rate of up to 28% after TKA is high and must be addressed. Preexisting psychological factors may be treatable, thus possibly altering patient outcome after surgery. A form of preoperative psychological assessment may be beneficial in understanding patients' expectations and influence patient selection, education, and the timing of surgery. Future research should focus on identifying the main mental health states or psychological factors that influence postsurgical outcomes and ways to measure the prevalence and severity of such states in patients considered suitable candidates for TKA.
